01 



# * 

CLIPPING CIRCUIT AND IMAGE PROCESSING 
DEVICE EMPLOYING SUCH A CLIPPING CIRCUIT 



BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a clipping circuit for performing wave shaping on 
a signal fed thereto, and to an image processing device employing such a clipping circuit. 
^ The present invention relates particularly to a clipping circuit for clipping edge-enhanced 

yg image signals, and to an image processing device employing such a clipping circuit. 

tea? 

m 

^ Description of the Prior Art 

%0 

ig [0002] Conventionally, Laplacian processing is used to obtain satisfactory contrast and 

b 

sharpness in a reproduced image by making the outline of a subject clear. Laplacian 
processing achieves edge enhancement by adding, to the image signals output from individual 
pixels to represent a subject of which the outline is to be targeted, signals representing edge 
components that are calculated by using Laplacian operator, which is a second-order 
differential operator. Figs. 8A to 8C show how image signals undergo Laplacian processing. 
When image signals as shown in Fig. 8A are fed in, edge signals representing edge 
components as shown in Fig. 8B are calculated. Then, as shown in Fig. 8C, the edge 
components represented by those edge signals are superimposed on the image signals, so that 
edge-enhanced image signals are produced. In this way, it is possible to obtain enhanced 
sharpness and satisfactory contrast in a reproduced image. 

[0003] As described above, by superimposing edge components represented by edge 
signals on image signals, it is possible to make changes in data values (i.e. changes in signal 
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intensity) at edges sharper, and thereby obtain an edge-enhanced image. However, as Fig. 
8C clearly shows, as a result of Laplacian processing, in the image signals that give the data 
values at edges, preshoots occur in low-data-value portions, and overshoots occur in high- 
data-value portions. This causes ringing at edges in the reproduced image, and thereby 
makes the reproduced image appear unnatural. 

SUMMARY OF THE INVENTION 
[0004] An object of the present invention is to provide a clipping circuit that can clip 
£3 image signals that are fed thereto to enhance the sharpness of the image they represent 

without causing ringing in the reproduced image, and to provide an image processing device 



employing such a clipping circuit. 

« [0005] To achieve the above object, according to one aspect of the present invention, a 

O 

^ clipping circuit is provided with: a clipper for clipping a target signal fed thereto within a 

jjtj range of data values set for the target signal; a subtractor for subtracting, from the data value 

r "' of the target signal to be clipped by the clipper, each of the data values of adjacent signals 

located a predetermined interval away from the target signal before and after the target signal; 
a minimum value setter for setting, as the minimum value of the range of data values for the 
target signal, the data value of one of the two adjacent signals that, when subtracted from the 
data value of the target signal, yields a difference greater than a first threshold value; and a 
maximum value setter for setting, as the maximum value of the range of data values for the 
target signal, the data value of one of the two adjacent signals that, when subtracted from the 
data value of the target signal, yields a difference smaller than a second threshold value. 
Here, when the data value of the target signal fed to the clipper falls within the range of data 
values set for the target signal by the maximum value and minimum value setters, the target 
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signal is output intact; when the data value of the target signal fed to the clipper is smaller 
than the minimum value, the target signal is output after being clipped at the minimum value; 
and, when the data value of the target signal fed to the clipper is greater than the maximum 
value, the target signal is output after being clipped at the maximum value. 

[0006] According to another aspect of the invention, an image processing device is 
provided with: an edge detecting circuit for performing second-order differentiation on 
image signals fed thereto to detect edge components and output edge signals representing the 
Q edge components; an edge enhancement circuit for superimposing the edge signals on the 

*0 image signals to perform edge enhancement on the image signals; a range setting circuit for 

Q 

jj^j comparing, for each of the image signals obtained from individual pixels, the data value of a 

y2 target image signal obtained from the pixel targeted by the edge enhancement with each of the 

a 

q data values of two adjacent image signals obtained from the pixels adjacent to the targeted 

pixel to set a range of data values in which the data value of the target image signal is allowed 
to vary by setting as the maximum value the data value of one of the two adjacent image 
signals whose data value is greater than the data value of the target image signal and setting as 
the minimum value the data value of one of the two adjacent image signals whose data value 
is smaller than the data value of the target image signal; and a clipper for making the data 
value of the target image signal equal to the maximum or minimum value of the range set by 
the range setting circuit when the data value of the target image signal output from the edge 
enhancement circuit is greater than the maximum value or smaller than the minimum value, 
respectively, of the range set by the range setting circuit and for otherwise leaving intact the 
data value of the target image signal as obtained after the edge enhancement. 



SI 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] This and other objects and features of the present invention will become clear from 
the following description, taken in conjunction with the preferred embodiments with reference 
to the accompanying drawings in which: 

Fig. 1 is a block diagram showing the internal configuration of an image processing 
device embodying the invention; 

Fig. 2 is a block diagram showing the internal configuration of the edge detecting 

circuit; 

Fig. 3 is a block diagram showing the internal configuration of the clipper; 



^ Fig. 4 is a flow chart showing the operation of the range setting circuit in the image 

bfj processing device of a first embodiment of the invention; 

a 

Q Fig. 5 is a block diagram showing the internal configuration of the range setting circuit 

N 

M» in the image processing device of a second embodiment of the invention; 

P Fig. 6 is a diagram showing examples of image signals fed to the image processing 

device; 

Figs. 7 A to 7D are time charts of relevant signals, illustrating the operation of an 
image processing device embodying the invention; and 

Figs. 8A to 8C are time charts of relevant signals, illustrating the operation of a 
conventional image processing device. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Overall Configuration of an Image Processing Device 

[0008] First, the overall configuration of an image processing device embodying the 
invention will be described with reference to the drawings. Fig. 1 is a block diagram 
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showing the internal configuration of an image processing device embodying the invention. 

[0009] The image processing device shown in Fig. 1 has an edge detecting circuit 1 that 
outputs edge signals by detecting edge components in image signals fed in via an input 
terminal IN, an adder circuit 2 that superimposes the edge signals produced by the edge 
detecting circuit 1 on the image signals fed in via the input terminal IN, a range setting circuit 
3 that sets the minimum and maximum values of the range in which the image signal 
currently being fed in is allowed to vary on the basis of the image signals output from a 
plurality of pixels preceding and following the pixel from which the image signal is currently 
being fed in, and a clipper 4 to which the range setting circuit 3 feeds the minimum and 
maximum values of the range in which the image signal currently being fed in is allowed to 
vary. 

S| [0010] In the image processing device configured as described above, when image signals 

OH are fed in via the input terminal IN, the edge detecting circuit 1 performs second-order 

O 

differentiation on the image signals to detect edge components present therein, and outputs 
the thus detected edge components as edge signals. The internal configuration of this edge 
detecting circuit 1, which produces edge signals in this way, is shown in Fig. 2. 

[0011] The edge detecting circuit 1 shown in Fig. 2 has a flip-flop FF1 to which the image 
signals are fed from the input terminal IN, a flip-flop FF2 to which the image signals output 
from the flip-flop FF1 are fed, a multiplier circuit 11 that multiplies the image signals output 
from the flip-flop FF2 by -1/4, a multiplier circuit 12 that multiplies the image signals output 
from the flip-flop FF1 by 1/2, a multiplier circuit 13 that multiplies the image signals fed in 
via the input terminal IN by -1/4, an adder circuit 14 that adds together the outputs from the 
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multiplier circuits 11, 12, and 13, and an amplifier 15 that amplifies the output from the adder 
circuit 14 by a factor of a. 

[0012] In the edge detecting circuit 1 configured as described above, when the image 
signals Gl, G2, and G3 output from adjacent pixels are fed in via the input terminal IN 
consecutively, in the order Gl, G2, and G3, the image signal Gl is stored in the flip-flop FF2, 
and the image signal G2 is stored in the flip-flop FF1. Then, the image signals Gl, G2, and 
G3 are fed to the multiplier circuits 11, 12, and 13, respectively. Let the data values of the 

Q 

sfi image signals Gl, G2, and G3 be gl> g2, and g3 y respectively. Then, the multiplier circuits 

& 

B 11, 12, and 13 output data values -1/4 x gl, 1/2 x g2, and -1/4 x g3, respectively. These 

J data values are then added together by the adder circuit 14, and the resulting sum is then 

3 amplified by a factor of a by the amplifier 15. Thus, a data value a x (-1/4 x gl + 1/2 x g2 

Q 

N -1/4 x g3) is fed to the adder circuit 2. 



[0013] The data value output from the adder circuit 14 can be expressed as [(g2 - gl) - 
(g3 - g2)] I 4, which is the result of second-order differentiation performed for the pixel that 
has produced the image signal G2. Thus, in the edge detecting circuit 1, when the image 
signal G3 is fed in, second-order differentiation is performed for the image signal G2 to detect 
an edge component, which is then fed out, as an edge signal, through the amplifier 15. 

[0014] The image signals fed in via the input terminal IN are also fed to the range setting 
circuit 3. The range setting circuit 3 compares each of the image signals fed thereto from the 
individual pixels with the image signals output from a plurality of pixels preceding and 
following that pixel, and sets the range in which the data value of that pixel is allowed to vary. 
Here, when the image signal G3 is fed to the edge detecting circuit 1 as described above, the 
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range setting circuit 3 sets the range in which the data value of the image signal G2 is allowed 
to vary, calculates the minimum value gmi2 and the maximum value gmal of that range, and 
feeds those values to the clipper 4. To permit the edge detecting circuit 1 and the range 
setting circuit 3 to process the same image signal at a given time in this way, a delay circuit or 
the like is provided within the edge detecting circuit 1 for timing adjustment- The range 
setting circuit 3 will be described in detail later. 

[0015] The adder circuit 2 adds the edge signals produced by the edge detecting circuit 1 
to the image signals fed in via the input terminal IN. Here, when the image signal G3 is fed 
to the edge detecting circuit 1 as described above, the edge component for the image signal 
G2 is fed to the adder circuit 2. Thus, to permit the adder circuit 2 to add the edge 
component produced for the image signal G2 by the edge detecting circuit 1 to the image 
signal G2, a delay circuit or the like is provided within the adder circuit 2 for timing 
adjustment. As a result of the adder circuit 2 operating in this way, the image signal G2, 
after being processed by the adder circuit 2, has a data value ^2-ax(l/4x^l-l/2xg2 + 
1/4 x #3). 

[0016] The image signals thus having their edge components added thereto by the adder 
circuit 2, i.e. the image signals thereby edge-enhanced, are then fed to the clipper 4. The 
clipper 4 compares the data value of each image signal with the minimum and maximum 
values fed thereto from the range setting circuit 3 to check whether or not the data value of 
that image signal falls within the range in which it is allowed to vary as set by the range 
setting circuit 3. Specifically, when the data value of the image signal G2, i.e. gl - ax (1/4 
x gl - 1/2 x g2 + 1/4 x g3) (hereinafter let g2a = g2 - ax (1/4 x gl - 1/2 x g2 + 1/4 x #3)), is 
fed from the adder circuit 2 to the clipper 4 as described above, this data value is compared 




with the minimum and maximum values gmil and gmal of the range in which the data value 
of the image signal G2 is allowed to vary as set by the range setting circuit 3. 

[0017] According to the value gla of the image signal G2 fed from the adder circuit 2 to 
the clipper 4, the clipper 4, if gla < gmil, clips the data value gla of the image signal G2 at 
gmil and, if g2a > gmal, clips it at gmal. On the other hand, if gmil < gla < gmal, the 
clipper 4 leaves the data value gla intact as the data value of the image signal G2. The 
internal configuration of this clipper 4, which sets the data value of each image signal 
according to the range in which it is allowed to vary as set by the range setting circuit 3 in this 
way, is shown in Fig. 3. 

[0018] The clipper 4 shown in Fig. 3 is composed of a selecting circuit 4a that receives, 
on one hand, an image signal having its edge signal added thereto from the adder circuit 2 and, 
on the other hand, the maximum value from the range setting circuit 3 and a selecting circuit 
4b that receives, on one hand, the output from the selecting circuit 4a and, on the other hand, 
the minimum value from the range setting circuit 3. In the clipper 4 configured as described 
above, the selecting circuit 4a chooses, between the two signals fed thereto, the one having 
the lower data value, and the selecting circuit 4b chooses, between the two signals fed thereto, 
the one having the higher data value. In the selecting circuits 4a and 4b, if the two signals 
fed thereto have equal data values, the selecting circuit 4a chooses the output from the adder 
circuit 2, and the selecting circuit 4b chooses the output from the selecting circuit 4a. 

[0019] Specifically, when the data value gla of the image signal G2 is output from the 
adder circuit 2 as described above, first, the selecting circuit 4a compares this data value gla 
with the maximum value gmal, and outputs the lower data value as the data value of the 



image signal G2 to the selecting circuit 4b. Thus, either the data value gma2, if g2a > gmal, 
or the data value g2a, if g2a < gma2, is chosen and output as the data value of the image 
signal G2. To permit the selecting circuit 4a to process simultaneously the image signal G2 
output from the adder circuit 2 and the maximum value of the range in which the data value of 
the image signal G2 is allowed to vary, a delay circuit or the like is provided within the 
selecting circuit 4a for timing adjustment. 

[0020] Let the data value chosen by the selecting circuit 4a be g2b. Next, the selecting 
q circuit 4b compares this data value g2b with the minimum value gmil, and outputs the higher 

data value as the data value of the image signal G2 to an output terminal OUT. Thus, either 

Q 

LH the data value gmil, if gib < gmi2, or the data value g2b y if g2b > gmi2, is chosen and output 

M< 

^ as the data value of the image signal G2 to the output terminal OUT. To permit the selecting 

%0 

JL circuit 4b to process simultaneously the image signal G2 output from the selecting circuit 4a 

O 
\j 

m and the minimum value of the range in which the data value of the image signal G2 is allowed 

01 

q to vary, a delay circuit or the like is provided within the selecting circuit 4b for timing 

adjustment. 

[0021] The internal configuration of the image processing device described above is 
common to both of the embodiments described below. Therefore, in the following 
descriptions of the embodiments, only the range setting circuit, which is configured 
differently between the embodiments, will be explained, and the explanations of the other 
blocks will not be repeated. 

First Embodiment 

[0022] A first embodiment of the invention will be describe below with reference to the 
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drawings. Fig. 4 is a flow chart showing the operation of the range setting circuit in the 
image processing device of this embodiment. 

[0023] Suppose that, now, an image signal Gb is currently being targeted as the one for 
which the range in which its data value (called the target data value) is allowed to vary is 
about to be set, and that the image signal Gb is fed in immediately after an image signal Ga 
and immediately before an image signal Gc. In this case, it is when the image signal Gc is 
fed to the range setting circuit 3 (Fig. 1) that the range in which the data value of the image 
signal Gb is allowed to vary is set. Let the data values of the image signals Ga, Gb, and Gc 
be ga, gb, and gc, respectively. 

[0024] Thus, when the image signal Gc is fed in via the input terminal IN (Fig. 1), first, 
the difference \ga - gb\ between the data values of the image signals Ga and Gb is compared 
with a predetermined threshold value TH (STEP 1). If \ga - gb\ < TH, the data value gb of 
the image signal Gb is chosen as a candidate for the maximum or minimum value that 
determines the range in which the target data value is allowed to vary (STEP 2). By contrast, 
if \ga - gb\ > TH, the data value ga of the image signal Ga is chosen as a candidate for the 
maximum or minimum value that determines the range in which the target data value is 
allowed to vary (STEP 3). 

[0025] When the flow proceeds from STEP 1 to STEP2, then the difference \gb - gc\ 
between the data values of the image signals Gb and Gc is compared with the predetermined 
threshold value TH (STEP 4). If \gb - gc\ < TH, the data value gb of the image signal Gb is 
chosen as a candidate for the maximum or minimum value that determines the range in which 
the target data value is allowed to vary (STEP 5). In this case, as a candidate for the 
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maximum or minimum value, the data value gb of the image signal Gb has been chosen in 
both STEP 2 and STEP 5, and therefore this data value gb is set as the maximum and 
minimum values. Then, the flow proceeds to STEP 13, where the data value gb thus set as 
the maximum and minimum values is fed to the clipper 4 (Fig. 1). 

[0026] If, in STEP 4, ]gb - gc\ > TH, the data value gc of the image signal Gc is chosen as 

a candidate for the maximum or minimum value that determines the range in which the target 

data value is allowed to vary (STEP 6). In this case, as a candidate for the maximum or 

minimum value that determines the range in which the target data value is allowed to vary, 

*9 the data value gb has been chosen in STEP 2, and the data value gc has been chosen in STEP 

□ 

m 6; thus, of these data values gb and gc, the one having the higher data value is set as the 

J* 

if| maximum value, and the one having the lower data value is set as the minimum value (STEP 

* 12). The maximum and minimum values thus set are then fed to the clipper 4 (Fig. 1) (STEP 

Q 

Nl 13). 

H* 
Si 
Q 

m [0027] On the other hand, when the flow proceeds from STEP 1 to STEP3, then the 

difference \gb - gc\ between the data values of the image signals Gb and Gc is compared with 
the predetermined threshold value TH (STEP 7). If \gb - gc\ < TH y the data value gb of the 
image signal Gb is chosen as a candidate for the maximum or minimum value that determines 
the range in which the target data value is allowed to vary (STEP 8). In this case, as a 
candidate for the maximum or minimum value that determines the range in which the target 
data value is allowed to vary, the data value ga has been chosen in STEP 3, and the data value 
gb has been chosen in STEP 8; thus, of these data values ga and gb, the one having the higher 
data value is set as the maximum value, and the one having the lower data value is set as the 
minimum value (STEP 12). The maximum and minimum values thus set are then fed to the 
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clipper 4 (Fig. 1) (STEP 13). 

[0028] If, in STEP 7, \gb - gc\ > TH, then whether or not the data values ga, gb, and gc of 
the image signals Ga, Gb, and Gc satisfy the condition ga < gb < gc or gc < gb < ga is 
checked (STEP 9). If the data values ga, gb, and gc satisfy either of the conditions, the data 
value gc of the image signal Gc is chosen as a candidate for the maximum or minimum value 
that determines the range in which the target data value is allowed to vary (STEP 10). In 
this case, as a candidate for the maximum or minimum value that determines the range in 
which the target data value is allowed to vary, the data value ga has been chosen in STEP 3, 
and the data value gc has been chosen in STEP 10; thus, of these data values ga and gc, the 
one having the higher data value is set as the maximum value, and the one having the lower 
data value is set as the minimum value (STEP 12). The maximum and minimum values thus 
set are then fed to the clipper 4 (Fig. 1) (STEP 13). 

[0029] If, in STEP 9, the data values ga, gb, and gc satisfy neither of the aforementioned 
conditions, the data value gb is chosen as both the maximum and minimum values that 
determine the range in which the target data value is allowed to vary (STEP 11). The 
maximum and minimum values thus set are then fed to the clipper 4 (Fig. 1) (STEP 13). 

[0030] When the maximum and minimum values thus set as a result of the range setting 
circuit 3 operating as described above are fed to the clipper 4, the clipper 4 then determines 
the data value of the image signal Gb on the basis of those maximum and minimum values. 
It is to be noted that, in STEPs 1, 4, and 7, when the difference between two image signals is 
compared with the threshold value TH, the noise components that are superimposed on those 
image signals and of which the levels are lower than the threshold value TH are absorbed. 
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This helps reduce the effect of such noise components on the operation of the range setting 
circuit 3 . 

Second Embodiment 

[0031] A second embodiment of the invention will be describe below with reference to 
the drawings. Fig. 5 is a block diagram showing the internal configuration of the range 
setting circuit in the image processing device of this embodiment. 

[0032] The range setting circuit 3 shown in Fig. 5 is composed of flip-flops FFa, FFb, FFc, 
FFd, FFe, and FFf for storing image signals, subtractor circuits 31a, 31b, 31c, 3 Id, 31e, and 
3 If that calculate differences between every two consecutive image signals, comparators 32a, 
32b, 32c, 32d, 32e, and 32f that compare the differences between image signals output from 
the subtractor circuits 31a, 31b, 31c, 3 Id, 31e, and 3 If with threshold values ±TH, and a 
decoder 33 that sets the maximum or minimum value that determines the range in which the 
target data value is allowed to vary. 

[0033] In the range setting circuit 3 configured as described above, the image signal fed in 
via the input terminal IN is fed to the flip-flop FFa, to the subtractor circuit 31a, and to the 
decoder 33. The image signal output from the flip-flop FFa is fed to the flip-flop FFb, to the 
subtractor circuits 31a and 31b, and to the decoder 33. The image signal output from the 
flip-flop FFb is fed to the flip-flop FFc, to the subtractor circuits 31b and 31c, and to the 
decoder 33. The image signal output from the flip-flop FFc is fed to the flip-flop FFd, to the 
subtractor circuits 31c and 3 Id, and to the decoder 33. The image signal output from the 
flip-flop FFd is fed to the flip-flop FFe, to the subtractor circuits 3 Id and 31e, and to the 
decoder 33. The image signal output from the flip-flop FFe is fed to the flip-flop FFf, to the 
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subtractor circuits 31e and 3 If, and to the decoder 33. The image signal output from the 
flip-flop FFf is fed to the subtractor circuit 3 If and to the decoder 33. 

[0034] The subtractor circuit 31a subtracts the image signal output from the flip-flop FFa 
from the image signal fed in via the input terminal IN. The subtractor circuit 31b subtracts 
the image signal output from the flip-flop FFb from the image signal output from the flip-flop 
FFa. The subtractor circuit 31c subtracts the image signal output from the flip-flop FFc from 
the image signal output from the flip-flop FFb. The subtractor circuit 3 Id subtracts the 
image signal output from the flip-flop FFc from the image signal output from the flip-flop 
FFd. The subtractor circuit 31e subtracts the image signal output from the flip-flop FFd 
from the image signal output from the flip-flop FFe. The subtractor circuit 3 If subtracts the 
image signal output from the flip-flop FFe from the image signal output from the flip-flop FFf. 

[0035] The results of the subtraction performed by the subtractor circuits 31a to 3 If are 
fed to the comparators 32a to 32f, respectively, so as to be compared with the threshold values 
±777. The comparators 32a to 32f individually output, to the decoder 33, a "positive" sign if 
the subtraction result from the corresponding one of the subtractor circuits 31a to 3 If is 
greater than +77/, a "negative" sign if the subtraction result from the corresponding one of the 
subtractor circuits 31a to 3 If is smaller than -777, or a "zero" sign if the subtraction result 
from the corresponding one of the subtractor circuits 31a to 3 If is equal to or greater than - 
777 or equal to or smaller than +777. 

[0036] On the basis of these signs fed from the comparators 32a to 32f, the decoder 33 
selects the maximum and minimum data values from among the data values of the seven 
image signals fed in via the input terminal IN and output from the flip-flops FFa to FFf, and 



-14- 



\ 




feeds the thus selected maximum and minimum data values to the clipper 4 (Fig. 1). 

[0037] Now, how the range setting circuit 3 configured as described above operates will 
be described. Suppose that image signals Gc2, Gb2, Ga2, Gx, Gal, Gbl, and Gel are fed in 
in the order Gel, Gbl, Gal, Gx, Ga2, Gb2, and Gc2, and that the image signal Gx is currently 
being targeted as the one for which the maximum and minimum values that determine the 
range in which its data value is allowed to vary is about to be set. Let the data values of the 
image signals Gc2, Gb2, Ga2, Gx, Gal, Gbl, and Gel be gel, gbl, gal, gx, gal, gbl, and gel, 
respectively. 

[0038] When the image signals are fed in in the order Gel, Gbl, Gal, Gx, Ga2, Gb2, and 
Gc2, the data values gbl, gal, gx, gal, gbl, and gel of the image signals Gb2, Ga2, Gx, Gal, 
Gbl, and Gel are stored in the flip-flops FFa, FFb, FFc, FFd, FFe, and FFf, respectively. 
When the image signal Gc2 is fed in via the input terminal IN, the flip-flops FFa, FFb, FFc, 
FFd, FFe, and FFf output the image signals Gb2, Ga2, Gx, Gal, Gbl, and Gel, and the image 
signals Gc2, Gb2, Ga2, Gx, Gal, and Gbl are fed to the flip-flops FFa, FFb, FFc, FFd, FFe, 
and FFf. 

[0039] At this point, the subtractor circuits 31a, 31b, 31c, 3 Id, 31e, and 3 If individually 
perform subtraction and output their respective subtraction results (gel - gbl), (gbl - gal), 
(gal - gx), (gal - gx), (gbl - gal), and (gel - gbl) to the comparators 32a, 32b, 32c, 3 2d, 
32e, and 32f Then, the comparators 32a, 32b, 32c, 3 2d, 32e, and 32f compare these 
subtraction results (gel - gbl), (gbl - gal), (gal - gx), (gal - gx), (gbl - gal), and (gel - 
gbl) with the threshold values ±TH, and output their respective comparison results, as signs 
da, db, de, dd, de, and df, to the decoder 33. These signs da, db, dc, dd, de, and df each 
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represent one of the three aforementioned states, namely "positive," "negative," and "zero." 
In the following descriptions, the states "positive," "negative," and "zero" are represented 
simply by "+," "-," and "0," respectively. 

1. When (dc, dd) = (+, +), (dc, dd) = (-, -), or (dc, dd) = (0, 0), 

[0040] When both of the signs dc and dd are "+," "- " or "0," irrespective of the values of 
the other signs da, db, de, and df the decoder 33 selects the data value gx of the image signal 
Gx as the maximum and minimum values, and outputs these maximum and minimum values 
to the clipper 4. 

2. When (dc, dd) = (0, +) 

[0041] When the sign dc is "0" and the sign dd is "+," irrespective of the values of the 
signs da and db, the decoder 33 selects the data value gx of the image signal Gx as the 
minimum value, and outputs this minimum value to the clipper 4. On the other hand, as the 
maximum value, the decoder 33 selects and outputs different data values according to whether 
(a) de = 0 or -, (b) (de, df) = (+, 0) or (+, -), or (c) (de, df) = (+, +) as described below. 

(a) When de — 0 or - 

[0042] Irrespective of the value of the sign df, the data value gal of the image signal Gal 
is selected as the maximum value and is output to the clipper 4. 

(b) When (de, df) - (+, 0) or (+, -) 

[0043] The data value gb\ of the image signal Gbl is selected as the maximum value and 
is output to the clipper 4. 
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(c) When (de, df) = (+, +) 

[0044] The data value gel of the image signal Gel is selected as the maximum value and 
is output to the clipper 4. 



3. When (dc, dd) = (0, -) 

[0045] When the sign dc is "0" and the sign dd is irrespective of the values of the 
signs da and db, the decoder 33 selects the data value gx of the image signal Gx as the 
maximum value, and outputs this maximum value to the clipper 4. On the other hand, as the 

a 

minimum value, the decoder 33 selects and outputs different data values according to whether 

5- 

O (a) de = 0 or +, (b) (de, dj) — (-, 0) or (- +), or (c) (de, df) = (- -) as described below. 

W 

It 

grj (a) When rfe = 0or + 

a 

Q [0046] Irrespective of the value of the sign df, the data value gal of the image signal Gal 

M 

N» is selected as the minimum value and is output to the clipper 4. 

51 

Q 

^ (b) When (de, df) = (- 0) or (-, +) 

[0047] The data value gbl of the image signal Gbl is selected as the minimum value and 
is output to the clipper 4. 



(c) When (de, df) = (-, -) 

[0048] The data value gel of the image signal Gel is selected as the minimum value and 
is output to the clipper 4. 



4. When (dc, dd) - (+, 0) 

[0049] When the sign dc is "+" and the sign dd is "0," irrespective of the values of the 
signs de and df the decoder 33 selects the data value gx of the image signal Gx as the 
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minimum value, and outputs this minimum value to the clipper 4. On the other hand, as the 
maximum value, the decoder 33 selects and outputs different data values according to whether 
(a) db = 0 or - (b) {da, db) = (0, +) or (- +), or (c) {da, db) = (+, +) as described below. 

(a) When db = 0 or - 

[0050] Irrespective of the value of the sign da, the data value gal of the image signal Ga2 
is selected as the maximum value and is output to the clipper 4. 

q (b) When {da, db) = (0, +) or (- +) 

[0051] The data value gbl of the image signal Gb2 is selected as the maximum value and 
U1 is output to the clipper 4. 

f (c) When (da, db) = (+, +) 

O 

%| [0052] The data value gc2 of the image signal Gc2 is selected as the maximum value and 

01 is output to the clipper 4. 

P 

It*** 

5. When {dc, dd) = (- 0) 

[0053] When the sign dc is " and the sign dd is "0," irrespective of the values of the 
signs de and df 9 the decoder 33 selects the data value gx of the image signal Gx as the 
maximum value, and outputs this maximum value to the clipper A. On the other hand, as the 
minimum value, the decoder 33 selects and outputs different data values according to whether 
(a) db = 0 or +, (b) {da, db) = (0, -) or (+, -), or (c) {da, db) = (- -) as described below. 

(a) When db = 0 or + 

[0054] Irrespective of the value of the sign da, the data value gal of the image signal Ga2 
is selected as the minimum value and is output to the clipper 4. 
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(b) When {da, db) = (0, -) or (+, -) 

[0055] The data value gb2 of the image signal Gb2 is selected as the minimum value and 
is output to the clipper 4. 

(c) When {da, db) = (-, -) 

[0056] The data value gc2 of the image signal Gc2 is selected as the minimum value and 
is output to the clipper 4. 

— 6. When {dc, dd) = +) 

Q 

[0057] As the minimum value, the decoder 33 selects and outputs different data values 

a 

ysj according to whether (a) db = 0 or +, (b) {da, db) = (0, -) or (+, -), or (c) {da, db) = (- -) as 

>yg described below. 

m 

^ (a) When rffc = 0or + 

[0058] Irrespective of the value of the sign da, the data value gal of the image signal Ga2 
M, is selected as the minimum value and is output to the clipper 4. 

(b) When {da, db) = (0, -) or (+, -) 

[0059] The data value gbl of the image signal Gb2 is selected as the minimum value and 
is output to the clipper 4. 

(c) When {da, db) = {-, -) 

[0060] The data value gc2 of the image signal Gc2 is selected as the minimum value and 
is output to the clipper 4. 

[0061] On the other hand, as the maximum value, the decoder 33 selects and outputs 
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different data values according to whether (a) de = 0 or - (b) (de, df) = (+, 0) or (+, -), or (c) 
(de, df) = (+, +) as described below. 

(a) When rfe=0or- 

[0062] Irrespective of the value of the sign df the data value gal of the image signal Gal 
is selected as the maximum value and is output to the clipper 4. 

(b) When (de, df) = (+, 0) or (+, -) 

[0063] The data value gbl of the image signal Gbl is selected as the maximum value and 
*Q is output to the clipper 4. 

P 

2 (c) When (de, df) = (+, +) 

yjj [0064] The data value gel of the image signal Gel is selected as the maximum value and 

is output to the clipper 4. 

7. When (dc, (Id) = (+, -) 

[0065] As the minimum value, the decoder 33 selects and outputs different data values 
according to whether (a) de = 0 or +, (b) (de, df) = (- 0) or (- +), or (c) (de, df) = (- -) as 
described below. 

(a) When rfe = 0or + 

[0066] Irrespective of the value of the sign df the data value gal of the image signal Gal 
is selected as the minimum value and is output to the clipper 4. 

(b) When (de, df) = (- 0) or (- +) 

[0067] The data value gbl of the image signal Gbl is selected as the minimum value and 
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is output to the clipper 4. 
(c) When (de y df) = (-, -) 

[0068] The data value gel of the image signal Gel is selected as the minimum value and 
is output to the clipper 4. 

[0069] On the other hand, as the maximum value, the decoder 33 selects and outputs 
different data values according to whether (a) db = 0 or - (b) (da, db) = (0, +) or (-, +), or (c) 
(da, db) = (+, +) as described below. 

(a) When db = 0 or - 

[0070] Irrespective of the value of the sign da, the data value gal of the image signal Ga2 
is selected as the maximum value and is output to the clipper 4. 

(b) When (da, db) - (0, +) or (-, +) 

[0071] The data value gbl of the image signal Gb2 is selected as the maximum value and 
is output to the clipper 4. 

(c) When (da, db) = (+, +) 

[0072] The data value gel of the image signal Gc2 is selected as the maximum value and 
is output to the clipper 4. 

[0073] More specifically, when the image signals Gc2, Gb2, Ga2, Gx, Gal, Gbl, and Gel 
have signal values as shown in Fig. 6, the range setting circuit 3 operates as follows. 
Suppose, here also, that the image signals shown in Fig. 6 are fed in in the order Gel, Gbl, 
Gal, Gx, Ga2, Gb2, and Gc2, and that the image signal Gx is currently being targeted as the 
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one for which the maximum and minimum values that determine the range in which its data 
value is allowed to vary is about to be set. 

[0074] As described earlier, when the image signals Gc2, Gb2, Ga2, Gx, Gal, Gbl, and 
Gel are output from the flip-flops FFa to FFf and fed in via the input terminal IN, the 
subtractor circuits 31a to 3 If individually perform subtraction and output their respective 
subtraction results (gel - gbl), (gbl - gal), {gal - gx), (gal - gx), (gbl - gal), and (gel - 
gbl) to the comparators 32a, 32b, 32c, 32d, 32e, and 32f. Here, assume that, as shown in 
Fig. 6, the data values of the image signals satisfy the following relations: (gel - gbl) < -TH, 
(gbl -gal) < -TH, (gal - gx) < -TH, (gal -gx)> TH, -TH<(gbl -gal) < TH, and -TH < 

(gci- gbi) <m. 

[0075] At this point, the signs da, db, dc, dd, de, and df output from the comparator 32a to 
32f are: (da 9 db, dc, dd, de, df) = (-, - -, +, 0, 0). Fed with the signs da to df with these 
values, the decoder 33 selects the data value gel of the image signal Gc2 as the minimum 
value and the data value gal of the image signal Gal as the maximum value, and outputs 
these minimum and maximum values to the clipper 4. 

[0076] In this embodiment, the range setting circuit 3 sets the maximum and minimum 
values of the data value of the image signal to be corrected by the clipper 4 on the basis of the 
relationship of that image signal with three image signals preceding and three image signals 
following that image signal. However, the image signals so referred to are not limited to 
three image signals preceding and three image signals following the target image signal. 
The range setting circuit 3 may be configured in any other manner than is specifically shown 
in Fig. 5, as long as it operates in the same manner as in this embodiment. 
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[0077] In the image processing devices of the first and second embodiments described 
above, as a result of the operation of the range setting circuit 3, image signals are processed as 
follows. When image signals as shown in Fig. 7A are fed in, first, the edge detecting circuit 
1 performs second-order differentiation on those image signals (Fig. 7A) to produce edge 
signals as shown in Fig. 7B. Then, the adder circuit 2 adds together the image signals (Fig. 
7A) and the edge signals (Fig. 7B) to produce image signals as shown in Fig. 7C that have 
such transient characteristics as to include overshoots and preshoots occurring in the portions 
thereof corresponding to edges. 

[0078] Then, the clipper 4 clips these image signals (Fig. 7C) within the range set by the 
range setting circuit 3. As a result, image signals as shown in Fig. 7D are output that have 
been edge-enhanced and that have their transient characteristics improved. 

[0079] According to the present invention, the range in which the data value of a target 
signal is to be clipped by a clipping circuit is set on the basis of the data values obtained by 
comparing the target signal with the signals nearest thereto, then those nearest signals with the 
second nearest, and so forth, i.e. by comparing pairs of consecutive image signals in order of 
proximity to the target image signal. Thus, for example, in a case where the signal so 
clipped by the clipping circuit is an image signal, and the image signal is clipped after being 
edge-enhanced, i.e. after having an edge signal, as obtained by performing second-order 
differentiation on the image signal, superposed thereon, it is possible to eliminate overshoots 
and undershoots resulting from edge enhancement. Accordingly, image signals, when 
processed by an image processing device provided with a clipping circuit operating in this 
way, have their transient characteristics improved as well as being edge-enhanced. In an 
image obtained by reproducing image signals obtained in such a way, ringing is satisfactorily 
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suppressed. 
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